Abstract Expanding research capacity of large research networks within health care delivery systems requires strategically training both embedded and external investigators in necessary skills for this purpose. Researchers new to these settings frequently lack the skills and specialized knowledge conducive to multi-site and multidisciplinary research set in delivery systems. This report describes the goals and components of the Cancer Research Network (CRN) Scholars Program, a 26-month training program developed to increase the capacity for cancer research conducted within the network's participating sites, its progression from training embedded investigators to a mix of internal and external investigators, and the content evolution of the training program. The CRN Scholars program was launched in 2007 to assist junior investigators from member sites develop independent and sustainable research programs within the CRN. Resulting from CRN's increased emphasis on promoting external collaborations, the 2013 Scholars program began recruiting junior investigators from external institutions committed to conducting delivery system science. Based on involvement of this broader population and feedback from prior Scholar cohorts, the program has honed its focus on specific opportunities and issues encountered in conducting cancer research within health care delivery systems. Efficiency and effectiveness of working within networks is accelerated by strategic and mentored navigation of these networks. Investing in training programs specific to these settings provides the opportunity to improve multi-disciplinary and multi-institutional collaboration, particularly for early-stage investigators. Aspects of the CRN Scholars Program may help inform others considering developing similar programs to expand delivery system research or within large, multi-disciplinary research networks.
Introduction
Research set within networks of healthcare delivery systems has expanded rapidly during the past two decades. For epidemiologic, health services, and clinical researchers focused on cancer, these networks offer new and unusual opportunities to better understand how cancer care is delivered across the spectrum from primary prevention and early detection to active treatment, surveillance, and follow-up. Direct involvement of clinical and operational staff from the delivery systems supports clinical trials, multi-level analyses, and interventions and facilitates translation of research findings into clinical practice. However, access to these networks is often limited by the small number of researchers directly involved in the participating sites and experienced in navigating the complexities of multi-site research (embedded). Researchers new to these settings frequently lack the skills and specialized knowledge conducive to multi-site and multi-disciplinary research set in delivery systems. Research within these systems requires an understanding of the strengths of a complex array of clinical and claims data while appreciating the limitations and potential for misuse or misinterpretation; the ability to engage clinical and operational leadership in developing and executing research proposals; leadership skills for collaborative research across institutional and disciplinary divisions; and constant diligence to ensure research does not impede or adversely influence clinical efficiency and safety. For investigators external to the member health systems, they must also learn how to identify and engage internal investigators to collaborate on feasible research proposals. These areas are rarely included in current forms of graduate research training.
The Cancer Research Network (CRN) [11] is a National Cancer Institute (NCI)-funded consortium of research centers set within integrated health care delivery organizations in the Health Care Systems Research Network (formerly the HMO Research Network) [6] . Its purpose is to support and foster collaborative cancer research conducted among participating sites. Key characteristics include researchers and clinicians who are embedded in these health care organizations, access to standardized electronic databases capturing clinical and administrative data for millions of members, and the capability of longitudinally following defined populations in a realworld community setting. To address the full scope of cancer research using the CRN's extensive data resources, enhanced investigator capacity is needed. Strategically expanding research capacity within the CRN requires training embedded CRN investigators as well as investigators from external institutions to develop the skills necessary for conducting research within health care delivery systems and related networks.
Since 2007, the CRN Scholars Program [16] has established a solid track record of targeted training, mentoring, and professional development support for early career investigators. Despite growing interest in real-world platforms for health research, few programs are specifically designed to train junior investigators in best practices for research within networks of health care systems [4, 8] . This report describes the goals and components of the CRN Scholars Program, the progression of the program from training internal investigators to a mix of internal and external investigators, and the evolution of the content of the training program in response to the expressed needs of investigators new to such research. Aspects of the CRN Scholars Program may help inform institutions considering the development of similar programs to expand research in the expanded numbers of networks of health care systems or within large, collaborative, multidisciplinary research networks and may also be useful for graduate training programs.
Program Overview
The CRN was first funded by the NCI through a U19 cooperative agreement mechanism, which supported infrastructure and research. The CRN Scholars training program was launched under the U19 in 2007 as a 22-month training activity aimed to help junior investigators embedded within CRN member sites develop research independence within the CRN environment and make use of CRN research resources and supported two cohorts: cohort I (2007-2009); cohort II (2009) (2010) (2011) . The program created a forum for exposing Scholars to a broad range of expertise and resources in the CRN, as well as to external experts in cancer research. In the first two cycles, 28 junior investigators from 14 CRN sites or closely affiliated academic centers completed the program, progressing toward independent research careers. The grant provided no supported effort for Scholars to participate; some may have received institutional support in the form of protected FTE, but it was not required for program participation.
In fall 2012, the NCI re-funded the CRN as a U24 Resource-Related Research Cooperative Agreement, with an expanded primary focus to develop and support collaborative health system research linking cancer investigators from outside the CRN delivery systems with internal researchers; cohort III (2012) (2013) (2014) (2015) and cohort IV (2015-2017) are supported by this mechanism. To complement the U24's expanded focus on engaging external researchers, the cohorts III and IV included a broadened recruitment of junior investigators from academic and other cancer research institutions. An additional expansion of the U24 was the development of four Scientific Working Groups (SWGs), which are supported to promote innovative, high quality research that can improve our knowledge and decrease the burden of cancer and to foster collaboration with external investigators interested in conducting research within the CRN. The Scientific Working Groups are aligned with strategic research areas: Prevention and Screening; Epidemiology of Prognosis and O u t c o m e s ; H e a l t h C a r e Q u a l i t y a n d C o s t ; a n d Communication and Dissemination [12] .
The broadened CRN Scholars program expanded its design to (1) train embedded and external investigators in the methods, culture, and research opportunities available through the CRN; (2) enable Scholars to establish research collaborations with embedded CRN researchers and access CRN resources and the resources of the network's sites; (3) support and mentor Scholars to achieve two critical career landmarks of independent investigators (becoming PI on a successful R01 or equivalent grant and/or becoming first author on an original peer-reviewed research paper derived from research conducted within one or more CRN sites); and (4) foster and facilitate research career development focusing on using integrated and mixed-model health care systems as a means for answering critical questions on improving the quality, outcomes, and value of medical care and population health. We used qualitative data collected from cohorts I and II to evaluate what worked well and what changes should be considered as the new program was developed. The length of the program was expanded from 22 to 26 months to increase the amount of time Scholars had to collect and translate preliminary data to support development of a research proposal. Additionally, the earlier emphasis from cohorts I and II on manuscript submission goals has shifted toward development of fundable research proposals. Starting with cohort III in 2013, all Scholars are required to have 20 % protected time (10 % provided by the CRN and 10 % matched by the Scholar's institution) to participate in program activities, pursue their proposed projects, and develop grant applications and manuscripts. The remaining 80 % of their effort is supported through other research activities, teaching and/or clinical care and differs for each scholar.
The core features of the Scholars program leverage the CRN's unique strengths (e.g., the Health Care Systems Research Virtual Data Warehouse (VDW) [20] and clinical and administrative data integration) and focus on collaborating with stakeholders from the network's sites (e.g., clinical/ operational leaders), developing and using complex multi-site data, and conducting research within learning health care systems [4, 8] . The CRN provides support for preparatory-toresearch queries and data acquisition to support research proposals; [15] however, the Scholars program does not provide additional funds to conduct projects.
Eligibility and Selection
Cohorts I and II were selected by CRN center directors through varied processes at each site. In contrast, CRN Scholars cohorts III and IV were selected through a competitive process from among doctoral-level (MD/PhD or equivalent) applicants who meet the NIH criteria for New and Early Stage Investigator status [17] and demonstrate a strong commitment to a research career in population-based, clinical or translational cancer research set within health care delivery systems that are aligned with prespecified research priority areas [12] . We recruited individuals through the CRN website and concerted email outreach to NCI Cancer Centers, Schools of Public Health and Medicine, and Universities with prior experience working with the CRN. Our review process was designed to ensure that the research interests and career goals of prospective Scholars complement the overall research priorities of the CRN [12] and to provide representation across scientific disciplines and organizations. Senior internal and external CRN investigators are identified to review applications using criteria adapted from NIH review criteria for K awards.
With cohorts III and IV, we have made a concerted effort to align research interests with the SWGs priority areas [12] . For cohort III, we received 43 applications and accepted 9 Scholars. For cohort IV, we modified our application process to require a letter of intent to evaluate feasibility and fit with the pre-specified priority areas as well as increasing the opportunity for meaningful research relationships to be developed between internal investigators and external Scholars. We received 45 letters of intent from 7 CRN sites, 32 Academic Centers, 4 NCI Cancer Centers, and 2 NCI Cancer Prevention Scholars; 32 applicants were invited to submit full proposals. We received 30 applications and accepted 10 Scholars. We have limited demographic information to report; unlike NIH training grants, we have not been required to collect and report the racial and ethnic distribution of the Scholars. We have had 17 men (7 cohort I, 2 cohort II, 5 cohort III, and 3 cohort IV) and 30 women (7 cohort I, 12 cohort II, 4 cohort III, and 7 cohort IV).
Research disciplines and cancer sites of interest among the Scholars have varied widely (Table 1) . Professional backgrounds of Scholars in the first four cohorts included individuals with training in economics, epidemiology, health services research, biostatistics, psychology, nursing, nutrition, anthropology, sociology, clinical pharmacy, pharmacology, and genetics. Clinical investigators represented dermatology, gastroenterology, oncology, family practice, pediatrics, internal medicine, surgery, and infectious disease. The diversity of research backgrounds and cancer-related research topics has promoted the development of a cross-disciplinary perspective when discussing collaborative proposals. We have not had a pre-specified ratio of MDs to PhDs, internal to external Scholars, or research focus across specific cancer sites. However, there was consensus among cohort III participants that having a mix of each of these elements is important to the success of the group, fosters important peermentorship, and reduces the sense of peer competition.
Program Structure
Figure 1 provides an overview of Scholars program, which is comprised of mentoring, activities, and research skill development.
Mentoring
Each participant in the Scholars program has a mentoring team to ensure their ongoing progress at their home institution, form close linkages to embedded researchers at CRN sites, and support their accomplishment of the program's goals. The team includes at least (1) a primary mentor at the Scholar's home institution to ensure continued support for the Scholar and opportunities for more senior investigators to gain deeper knowledge of research within the CRN; (2) a 1:1 mentoring relationship with one of the Program Co-Directors; and (3) linkage with at least one embedded CRN investigator who frequently collaborates with the Scholar in developing manuscripts and research funding proposals (these linkages are primarily made through the SWGs). Together, these individuals serve as a mentorship team that meets at least twice yearly by conference call to evaluate the Scholar's progress.
Each Scholar develops a learning contract (Appendix) in consultation with their mentorship team; these are considered living documents and are updated at each mentorship team meeting and periodically at the 1:1 meetings with the CoDirector. The learning contract serves as a basis for periodically assessing goals and enables all mentors to serve as facilitators for meeting these goals.
Additionally, each Scholar meets with the assigned Scholars Co-Director through monthly conference calls with additional contact as needed. Conference calls focus on immediate and emerging needs of the Scholar, including career advice and review of specific grant proposals and manuscripts.
Activities
Our current curriculum is based on principles of adult learning, in which participants identify their own needs and faculty act as facilitators. Scholars come to the program with varied levels of experience designing studies, working with health care data, publishing in the scientific literature, and preparing research proposals. Individual components of the curriculum are developed directly to support the learning objectives for each Scholar. General skills development that have been emphasized across all cohorts include setting career objectives, leading multi-site studies, collaborating within the CRN, understanding strengths and weaknesses of CRN data resources including the Health Care Systems Research Network VDW [20] , developing proposals, and meeting logistical or interpersonal challenges. The curriculum includes multiple opportunities for external and internal reviews of Scholars' draft research proposals as well as participation in a mock proposal review panel held jointly with NCI Cancer Prevention Fellows.
With Scholars being geographically dispersed (Fig. 2) , face-to-face meetings are a critical component for building a sense of community among the Program participants. A central component of the program is bi-monthly 90-min videoconferencing webinars for the full cohort. These sessions use proven distance-learning and virtual teamwork strategies [22] . Based on feedback from the first cohorts, regular contact every 2-3 weeks was viewed as important in building a sense of community. Meeting agenda are set by the Scholars and Co-Directors with support from the Program Coordinator to focus on topics most relevant to the Scholars as recommended for engaging adults in structured learning activities. Scholars take turns organizing and leading conference calls to gain experience setting an agenda, inviting external presenters, engaging other colleagues on a conference call, leading open discussions, and tracking next steps and action items.
Research Skills
Roughly four times a year, topics are solicited from the Scholars by the Program Coordinator and Co-Directors through web surveys and group conference calls. Each Scholar ranks suggested topics according to level of interest, priority, and appropriate meeting format (in-person versus webinar). There are key differences between the learning needs identified by cohorts I and II (Table 2a) and cohort III (Table 2b ). Some of these may be attributable to the changes in the most recent CRN funding cycle with its greater focus on establishing collaborations with external institutions and investigators, and some may also reflect additional training obtained by junior investigators before starting independent careers. Cohort III Scholars reported having prior training in research protocols and existing support in manuscript development and submission. Thus, the curriculum for cohort III included a greater focus on understanding and working with CRN data, developing collaborative grant proposals, and understanding federal and foundation research review processes.
Scholars must seek out funding to support their projects, either from their own institutions, competitive application for CRN pilot funds, or other sources such as start-up funds or institutional pilot funds. CRN Pilot grants [14] have provided the opportunity for many Scholars to lead a project with one or more CRN sites and to gather preliminary data for larger external applications. Scholars from cohort III received funding for 6 CRN pilot grants. These funds allowed them to link with one or more CRN sites in joint studies that involved a range of activities from recruiting and surveying a site's prostate cancer patients to remotely managing manual abstraction from medical records within a CRN site to categorization of diagnoses from free-text pathology data [2, 14] .
Scholars are considered full members of the CRN and are encouraged to participate in CRN Scientific Working Groups, contribute to brainstorming sessions for specific funding announcements, and develop and chair symposia for the annual Health Care Systems Research Network conference. Scholars are also invited to sit on the publications committee, topicspecific writing committees, and to attend Steering Committee meetings. Participation in these activities enables Scholars to interact with CRN leaders and investigators from across the network on program-related tasks and learn how large, multi-institutional grants and cooperative agreements are carried out.
Leadership
Successful administration and management of the Scholars Program requires many individuals' involvement and commitment. Responsibilities and activities are detailed in Table 3 . 
Program Outcomes
In fall 2014, we collected career outcomes from cohorts I and II. We included all publications (not including letters to the editor or published abstracts) listed on their curriculum vitae published from the start of their program through the fall of 2014 (longer follow-up for cohort I). At that time, the 28 previous Scholars had 293 cancer-related publications, of which 101 was first-authored. We also counted all cancerrelated grants including NCI, non-federal and local grants, that began after the second year of the Scholar's participation in the program through fall 2014. As with publications, there were a few grants that included more than one Scholar and For cohort III, there has been insufficient time to completely assess outcomes. By May 2015, the end of their participation in the program, they had received 11 grants as PI including two career awards and 6 CRN pilot grants and 3 other small research grants. Three cohort III Scholars have submitted R01 proposals to NCI and one submitted an R03. Two Scholars began new positions, one transitioning from a post-doctoral fellow to a faculty position at a CRN site and one from a post-doctoral fellow to a pharmaceutical company; two were promoted at their home institutions. Between 2013 and 2015, cohort III scholars had 118 published or in press peer-reviewed manuscripts (35 as first authors) and 23 reviews, chapters, monographs, or editorials (4 as first author).
Summary
The rapid rise of new technologies and the availability of big data are driving cancer epidemiology and health services research forward, but relevant training may be lagging behind [21] . One element that has not been well developed previously is the training of researchers embedded within and working Training priorities identified by cohort III includes topics that many existing training programs for early career investigators may not cover (Table 2b) . Training programs that emphasize these unique research skills and challenges are poised to develop the next generation of researchers who can contribute directly to realize the promise of learning health systems [7, 19] . Such programs can leverage the breadth of big data through electronic medical records linked to defined populations and can engage in research questions that arise from the health care system.
The CRN Scholars training program creates a forum for exposing Scholars to a broad range of expertise and resources within the network-beyond those available at a single CRN site or academic institution-and to experts in cancer research within and outside CRN institutions [4, 8] . Research within the CRN provides opportunities to test, refine, and disseminate research and interventions in community settings; however, this effort will continue to require additional attention to training researchers who are competent working in these types of settings. The CRN Scholars program works to expand the cadre of investigators conducting cancer research within integrated and mixed-model health care delivery systems through mentored career development of the participating Scholars and through linkages formed between the Scholars and researchers at academic institutions and cancer centers across the USA. The mentored navigation throughout the Scholars Program helps accelerate the efficiency and effectiveness of conducting research within large networks. Future investments in training within these networks will continue to improve multi-disciplinary and multi-institutional collaboration, particularly for early-stage investigators. The content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institutes of Health. The Cancer Research Network (CRN) supports the development and maintenance of scientific and data resources to conduct cancer research in the integrated health care settings of eight members of the Health Care Systems Research Network. Our overall goal of the CRN is to conduct collaborative research to decrease the burden of cancer. We focus on population sciences research that leverages the unique resources of the CRN, including its scientists, data resources, and integrated health plan setting. The eight participating research centers and the health care organizations with which they are affiliated provide a defined population of approximately six million enrollees. These organizations are distinguished by their longstanding commitment to prevention and research to improve care and have a long history of collaboration with each other and with academic research institutions.
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Appendix. Example of the Scholars learning contract

LEARNING CONTRACT:
I. In the table below, working with your CRN mentor and CRN collaborators and your full mentorship team, specify your personal learning objectives to achieve the goals of CRN Scholars Program. Identify what needs to be learned and create specific objectives; specify the learning resources and strategies you plan to use; set a date for the completion for each learning objective; and describe how learning will be verified or how you will provide evidence of accomplishment of each objective.
• 
